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Abstract 

We consider effective Lagrangian models of CP-violating vertex struc- 
ture in which a !) -> uW vertex, proportional to s\^e~ l5li with S13 very 
small (milliweak interaction) and ($13 large, is dynamically generated. A 
consequent, enhanced CP-violating vertex for b — > sg results in an en- 
hanced CP-violating phase in the ratio of amplitudes for B (B°) — » <pKs. 
We estimate that this can significantly change the S parameter from the 
value expected in the standard model. 

The current measurements [1, 2] of the S parameter in the decays B°(B°) — > 
4>Ks, which at the quark level, are induced by a b — > sg closed- loop (penguin) 
transition, with the gluon (g) converting to an ss pair (0 = ss), suggest the 
presence of new F1 CP-violating physics, which gives rise to a new phase factor 
in the ratio of decay amplitudes. The tendency of sin 2/3 to deviate from the 
expected value of ~ 0.7 in the standard model for indirect CP violation, as 
measured in the decays to J/ipK^ [3, 4], is present in other processes which 
involve the b — » sg transition, in particular rj'Kg [1, 2}. This decay also involves a 
sizable mesonic ss component amplitude when g — ► ss, in this case for rf instead 
of </>. In general, consideration of additional^ 1 CP-violating physics in the b — > sg 
transition implies the possibility of additional, related physics in the transition 
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fl By new, we mean CP-violating amplitudes in addition to those implied by the unitarized, 
effective CKM matrix for quark mixing. 



b — > dg. One of our purposes in this paper, is to point out that there may well 
be an early indication of a new physics effect in the recent data [5, 6] concerning 
direct CP- violating asymmetries in the charged decays _B=F — > 7i T r]'(i]). This 
rather subtle point has not been noted before; it involves the sign of the CP- 
violating asymmetry for n T r]' relative to that for n T r]. The present data give a 
suggestion that the relative sign of these two related asymmetries may be negative 
[5, 6]. The asymmetry in partial rates (B~ - B + )/{B- + B + ) is 0.14 ± 0.16 for 
n T r]'; it is —0.05 ± 0.09 for n T r] (BaBar gives —0.13 ± 0.12) [6]. Asymmetries 
with absolute values similar to this data were predicted long ago [7]. But the 
predicted asymmetries have a positive relative sign. We show that an indication 
of additional physics might be contained in the possibility that the relative sign is 
negative. Within a model for vertex structure, we relate hypothetical, additional 
CP-violating physics in b — > sg to that in b — > dg. The primary purpose of 
this paper is to describe a model of vertex structure which gives rise to a new 
CP-violating phase 2S np , in the ratio of amplitudes for B (B°) — > (pKg. This 
new phase causes a downward change in the S parameter, estimated below as 
sin 2(3 — > sin(2/9 — 25 np ) = 0.2 [8]. The model also gives rise to an additional 
amplitude which contributes to B T — > 7i T i] f (ri). This amplitude contains the CP- 
violating phase factor e~ tSl3 [9]. In interference with the previously calculated 
[7] decay amplitude for 7r T i]', the amplitude could cause the asymmetry for 7r T rj' 
relative to that for n T r] to be negative. This result is a natural consequence of 
the fact that the relative sign of the ss component amplitude in rj' and that in rj, 
is negative [10]. F2 

The empirical pattern of mixing in the quark sector [9] indicates that there 
is a single, intrinsically very small mixing angle s 13 < 10 -1 of either of the other 
two mixing angles S23,si2- This angle is associated with the KM CP-violating 
[11] phase 5i3, F3 which as presently approximately determined, is a large phase 
(> 45°) [9]. This coincidence of a large phase and a very small mixing angle 
could suggest that there exists some kind of milliweak interaction which grossly 
violates CP invariance [12]. This interaction could dynamically give rise to a 
sizable CP-violating phase in b — > uW, which appears together^ 3 with a very 
small mixing parameter associated with the milliweak strength. In order to obtain 
the phenomenological, numerical results below, which are directly relevant to the 
above anomalous properties of CP violation in B decays, we assume that if there 
is an underlying dynamical structure in the b — > uW transition, then there will be 

F2 The magnitude of the ss component amplitude in rj is about 1.4 times larger than that in 
rj, for an SU(3) singlet-octet mixing angle of ~ —20° [10], and is about twice as large as the 
uu (dd) component in rj . 

F3 The standard form of the CKM matrix [9], which has the b — > uW vertex element pa- 
rameterized as Si3e" 513 , can be presented in alternative forms [11]. The point of view of this 
paper is that the standard form incorporates the possibility of a dynamical generation of the 
b — > u element. The appearance of the combination si3e'* 13 in small parts of other elements is 
a consequence of enforcing unitarity of the effective CKM matrix. 
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evidence for this from additional vertices which violate CP invariance explicitly. 
The model takes as a specific, simple example, the b — > uWg vertex shown in 
Fig. (la). Clearly then, the diagrams in Fig. (lb) induce new, related vertices 
for b — > sg and for b — > dg. We estimate these now, and apply the results to 
B°(B°) -> 0AT s , and then to 5^ -> vr^'^). 

Our first example of a CP-violating, effective interaction for the vertex in 
Fig. (la) is written as 

H eS = es 13 e- 5 ^ (g§) ^A^G^W" 4 " + herm. conj. (1) 

where g 2 /8M^ = Gp/y/2, the Fermi coupling, g 2 /^ = a s , the QCD coupling, 
M is a mass parameter, e = ±1, the ■?/> are the b and w quark fields, and = 
(d„Gn — d^G v ) and are the gluon and W field tensors, respectively (we do 
not consider the quadratic terms). The A a are the S*?7(3)-color matrices [13], 
a = 1 ... 8. Using M = mw in (1), the new effective vertex for b — > sg, estimated 
from the graph in Fig. (lb) in the approximation of retaining the leading terms in 
the intermediate-state W four-momentum, and of taking the integration variable 
from zero to an upper limit of is FA 

Kew = es 12 s 13 e- iS ™V2G F (J^) (0A3m w )s\ a (^ - fa)b R (2) 

where b^L — 1/2(1 ±75)^ denote right and left-handed components formed from 
b spinors, and g M and e M are the gluon four-momentum and polarization vector, 
respectively = 7 M ? M ). This vertex is enhanced by a numerically large ratio of 
masses, relative to the dominant contribution to the standard-model, penguin- 
type vertex b — > sg from the c and u quark intermediate states in particular, 
(V(c) + V(u)), with [14, 15] 

V(c) = s 23 V2G F (J^) F^m^/rrftsX'tffi - q ■ efi)b L (3a) 
V(u) = s 12 s 13 e'^V2G F (J^) F 1 (m 2 w /m 2 c )s\ a (q 2 / t - q ■ 4)b L (3b) 

and 

FM 2 w/m 2 c )^\\n (^)=5.5 

F4 The S'-matrix is calculated as — i(27r) 4 <5 4 (Pi n — Pn n )V, where Pi n and Pg n denote initial and 
final total energy-momentum. Power counting gives a quadratic integral over four-momentum. 
The cut-off is assumed to be a consequence of form factors in H e g. 
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for m w = 80 GeV, m c ~ 1.25 GeV, m u ~ 2.5 MeV. Using the empirical [9] 
mixing angles with S12S13 ~ (si 2 /2-5)s 2 3 ~ 0.02s 23 , (ci2,c 2 3,ci 3 ~ 1), and us- 
ing 5i3 ~ 90°, the magnitude of the CP- violating phase of the full vertex, 5, 
which comes from the term (3b), is at most of the order of (0.02)(13.8/5.5) ~ 
0.05, quite small. This is the origin of the result that the S parameter for 
B°(B°) — > <f)K s should not deviate by more than about 0.07 from sin 2(3 = 0.7, 
where = — Ime~^ 2/3+2<5 \ Apart from the common factor of Si 2 Si3e _;i<513 , 

the effective magnitude of the new vertex is enhanced by a factor of order 
(0A3mw / Vq 1 ) / ' F\{rn^ /m 2 ) = 86/13.8 = 6, as is evident by comparision of 
the dimensional quantities in Eq. (2) and Eq. (3b), for relevant q 2 > [15]. This 
gives rise to a new, sizable CP-violating phase 5 np in the ratio of amplitudes 
A(B° -> <f)K s )/A(B° -> <f)K s ) = e 2i5 ^, where for e = -l,sin5 13 ~ 1, and a 
typical q 2 ~ (0.4 GeV) 2 , we illustrate a numerical value 

x . _i fsi 2 Si 3 (0.437n W r/- N /g 2 ) 
o np ~ tan < — — ^ — ; — — } ~ tan 



s 2 zF l (m 2 v / m 2 ) 




^ tan _1 (6s? 2 ) = tan _1 (0.3) = 17° (4) 

For this example, the S parameter becomes 

= sin(2/3 - 25 np ) ~ sin 11° ~ 0.2 (5) 

An empirical average of 0.34 ±0.20 [1] is recently updated as about (preliminary) 
0.47 ± 0.19 [2]. Also deviating downward at BaBar, S v > Ks = 0.36 ± 0.13 [2]. If 
these sizeable deviations are established by further data, there must be additional 
CP-violating physics. The example of a downward change in the S parameter in 
Eq. (5) is the main result of this model. Below, we show in addition that the 
related new vertex for b — > dg, with sign and enhanced magnitude now fixed, 
can contribute a dominant negative amplitude in B T — > 7i T i]', which can result 
in a CP-violating asymmetry opposite in sign to that in B T — > ti^t]. Note that 
the vertex in Fig. (la) gives rise to an amplitude for b — * uW, via the graph 
in Fig. (2). This effective vertex, again estimated in the approximation^ 4 of 
retaining the leading term in the intermediate-state gluon four-momentum, and 
of taking the integration variable from zero to m 2 ^ is 

This vertx has a small strength magnitude relative to the s 13 e~*' 513 (g /2\/2) of the 
standard CKM element, of the order of a a (8y/2/12ir) ~ 0.06, for a s = 0.2. 

We give an additional example of an effective interaction for the vertex in 
Fig. (la). This interaction allows us to explicitly illustrate the dynamical genera- 
tion of a vectorial term proportional to si 3 e~ l<513 , which contributes to the b — > uW 
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element of the effective CKM matrix. This CP-violating effective interaction F5 
is 

H' cS = e's^e-^ (M) iu L \ alll b L G^W v + herm.conj. (7) 
The effective vertex analogous to (6) is, for M = m W) 

V = (^) (8v^) b L (8) 

The dynamically-generated strength magnitude is then about 18% of the standard 
CKM element (e' = 1). The vertices for b — > s(d)g generated from (7) via graphs 
as in Fig. (lb), are small; they do not contain the enhancement factor proportional 

to (m w /V¥) F6 

To clearly present the issue of the CP-violating asymmetries in the partial 
rates for B T — > n T r]'(ri), we briefly summarize the basis [7] for these decays 
being likely the first place, together with B T — > K T r/, [17, 5, 6] where direct 
CP violation is observed in the decays of a charged particle. (We also update 
a model parameter.) The phenomenological "bare" F7 amplitudes, corresponding 
to the quark diagrams in Fig. (3a,b) are 

A v = (0.57)(0.25)(Aa 1 + / r? a 2 )(m|G' F /v / 2)(si3e- i<513 ) 

~ (0.14)( ai + a 2 )U (m 2 B G F /V2) (s^ 13 ) 

A v , = (0.4)(0.25)(/ 7r a 1 + ^a 2 )(m|G' F /v / 2)(s 1 3e- i<513 ) 

~ (0.1)( ai + a 2 )U (m%G F /V2) (s^e^) (9) 

The first factor is the weight of the uu component in 77, rj', for a mixing angle of 
—20° F2 [10]. The following two factors occur in the model [18, 19] for exclusive 
B decays which we have used [7] in going from quark diagrams to the matrix ele- 
ments for physical hadrons. The parameters a\ ~ 1 and a 2 ~ 0.2(~ a s ), refer to 
the strength of two parts of the model's effective weak interaction involving four 
quarks [18], where the terms proportional to a 2 are a simple phenomenological 
parametrization of effects which are assumed to arise from hard-gluon corrections 
to the basic charged-current interaction (terms in a\). F8 The / are pseudoscalar- 
meson decay constants, which arise in going to physical hadrons, as explicitly 

• F5 We note that a hypothetical interaction of this form, with the changes u — > b, W — > Z, 
M = mz and a real coupling, has been studied in connection with motivating searches for 
CP-violating effects in 3 and 4-jet decays of the Z. See reference 16 and earlier references 
therein. 

F6 Power counting gives a logarithmic integral over four-momentum. 

F7 The "bare" amplitudes become physical amplitudes after acquiring calculated [7] phases 
from strong final-state interactions involving inelastic transitions n T ri c <-» ir T r](r]'). 

F8 Thc original model [18] used a 2 <~ —0.2 for exclusive decays of heavy quarks. Subsequent 
arguments [19], suggest that the parameter is ~ +0.2 at a momentum scale relevant for the b 
quark. In our early calculation [7] for TT T ri(r] r ), we used a<i ~ —0.2. Here, we use a 2 ~ 0.2 and 
give resulting estimates for rates and asymmetries. 
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indicated in Figs. (3a,b,c). In our numerical estimates we use f v = f v ' = f n [20]. 
The decay model [18] involves "overlap" parameters F B ^ n ' v '' n ' , which arise as 
also indicated in Figs. (3a,b,c). For our present numerical estimates, it suffices to 
approximate these three measures of matrix-element strength by a single value, 
~ 0.25 [7]. We recall that the dynamical origin of the CP- violating asymmetries 
has two essential elements. There is the interference of the amplitudes in Eqs. (9) 
(containing the KM CP- violating phase 613), with an amplitude A Vc oc a 2 S23, cor- 
responding to the cc diagram in Fig. (3b). Then there is the fact that the physical 
decay amplitudes contain calculated [7] phases from strong final-state interactions 
involving inelastic transitions n T i] c <-> Ti T rj{rj'). These transitions depend upon 
coupling parameters g VcV and g VcV ', whose (similar) absolute magnitude is de- 
termined [7] from data on i] c — > r)(r)')ir + ir~ . F9 Our results for branching ratios 
(b.r.)^,) and asymmetries a^ 1 ) (updated F8 < F9 from reference 7) are 

(b.r.)„ ~ 4.8 x 10~ 6 or, ~ -(3 - 7)% 
(b.r.)^ ~ 2.3 x 10~ 6 arf (5 - 12)% (10) 

The larger asymmetry magnitudes are for f Vc ~ 310 MeV, instead of f Vc ~ f n [7]. 
The branching ratios agree with the data [21]. 

These results could be changed by the presence of a significant amplitude 
arising from the quark diagrams in Fig. (3c), for example. F1 ° This amplitude is 
enhanced relative to a standard-model magnitude, by the same new physics as we 
have discussed above for the possible enhanced, amplitude phase in <j)K$. We use 
the enhanced transition for b — > dg that is implied by the enhanced transition 
for b — > sg (Fig. (lb)) . The enhanced amplitude from Fig. (3c) contributes 
mostly F2 to 7i T i]' via the positive ss, uu and dd component amplitudes in r(\ 
this amplitude is opposite in sign (e = — 1) to the A v > in Eq. (9). Added to A v r, 
it can change the sign of a new full amplitude A' v ,. Then, A' v , in interference 
with A Vc , gives a changed sign for the asymmetry in n^r]'. We calculate a rough 
numerical example to illustrate that the enhanced magnitude of the amplitude 
from Fig. (3c) could effect this change of sign. Leaving out factors in the physical 
amplitude derived from Fig. (3c) which are in common with those of A, q i in Eq. (9) 
(from Figs. (3a,3b)), then simply changing the sign of A^, while retaining the 

• F9 With d2 > 0, g VcV <~ g Vcri < < gives negative asymmetries for ir T i] and for n^rf, (since in 
this model, the asymmetry sign depends upon the sign of the product G^fi^^^')). This sign for 
g Vc r](ji') is the same as that for <7 W ', as given by an SU(3) argument [7]. It is possible to obtain a 
positive asymmetry for tt^ti' by having g VcV > > 0. This paper illustrates a different, dynamical 
possibility for having asymmetries of opposite sign in tt^t] 1 and Tr T rj, within the framework of 
the same new CP-violating physics as discussed for <j)Ks- 

F10 In our numerical estimates, we take the same amplitude for g — > ss, uu, dd. We do not 
consider effects of g — > cc, assumed to be relatively suppressed, upon A Va [7]. 
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magnitude requires relevant factors from the enhanced amplitude to satisfy^ 11 

(l6^) ("2 ) (^2 

2x (>' + 02) (^)) 

For a s = 0.2, y/q* ~ 0.4 GeV, (a x + a 2 ) ~ 1.2, Eq. (11) reads numerically 
or 

0.53 ~ 0.69 

The proximity of the two sides of Eq. (12), which arise from different dynamics, 
is a consequence of the enhancement factor (0.43m^/\/?), and also of the large 
contribution from the ss amplitude in 77', (2/y/E), plus the contributions from 
uu and dd, (l/y/E) each F2 . The amplitude from Fig. (3c) is enhanced despite 
the explicit inclusion in our estimate of a factor (g s /2) 2 (16/37r 2 ) = (16/3n)a s ~ 
0.34, which occurs in order to neutralize the color of the qq pair created by 
the gluon from the b — > dg transition. The factor (16/3) = tr(A a A a ) 2 is the 
relevant overall color factor, where A a is the transposed matrix. The sign of 
Arf is changed. Therefore the sign of the asymmetry a v ' in Eq. (10) is changed 
to positive. The new amplitude decreases A v somewhat. (The uu, dd and ss 
component amplitudes in 77 are of the same magnitude ~ lA/y/E, but the ss 
component is negative. F12 ) The branching ratio is reduced by a factor of about 
0.3, but the sign of the asymmetry does not change. Our purpose here is to 
supplement the main result of the paper concerning the change of the S parameter 
for (f>Ks due to an enhanced CP- violating vertex for b — > sg, with an indication of 
a possible effect from the related enhanced vertex for b — > dg. If the contribution 
of the new amplitude from Fig. (3c) is smaller than suggested in Eq. (12), there 
is another possibility for explaining a positive sign of a v > F9 should experiment 
confirm this [5, 6], and the branching ratios in Eq. (10) are little affected. 

In summary, following the idea that a i ^ uW vertex, proportional to 
sise~ lSl3 , is dynamically generated, we have given examples of structure which 
give rise to related, enhanced CP- violating vertices for b — > sg and b — > dg. 
Applying the model vertex to B (B°) — > 4>K$, an estimate indicates that an 

• F11 In the diagrams in Figs. (3c) there is a (—1) from the propagator of the gluon with q 2 > 0, 
and a compensating (—1) from the subsequent gluon-exchange interaction (with q 2 < 0) between 
quark and antiquark, which is necessary to neutralize color. The virtual (real amplitude) 
intermediate state is estimated. There are additional diagrams; the present estimate assumes 
no overall suppression (apart from the further factor of a s ). 

F12 Differing interference effects in exclusive B decays, due to the different sign of the ss 
component in r\ and 77', were discussed in reference 22. 
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enhanced CP-violating phase is induced in the ratio of these decay amplitudes. 
Thus, the S parameter can be significantly changed from the standard-model 
expectation. 
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Figures 




Figure 1: a) The vertex in Eq. (2) that is the basis for the structure discussed in this 
paper. 

b) Effective vertices for b — > s(d)g generated from the vertex in a) and a weak interaction 
vertex. 
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Figure 3: a) Quark diagram for B^ — > it^rfij]) from the model for exclusive matrix 
elements [18, 19] used in the calculations of reference 7, proportional to a\ in Eq. (9). 

b) Quark diagram for B T — > 7r T 7/(77), proportional to 02 in Eq. (9). 

c) Quark diagrams for a new enhanced amplitude contributing to B^ — ► n^rf(rj). 
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